Abstract-This paper is part of the research on stabilizing quadcopter altitude in the Altitude-Hold mode by utilizing the commercial KK v2.0 and the customized YoHe v1.2 PID board. The YoHe v1.2 PID board used two sensors: the ultrasonic sensor and barometric sensor. Both sensors were used together to maintain the quadcopter at a consistent altitude. The purposes of this paper were first to analyze the sensors and to optimize them on the Altitude Hold mode and second to explain the quadcopter system configuration, especially for using the YoHe v1.2 PID board along with the KK v2.0 board. The relative error comparison showed the accuracy of the ultrasonic sensor was better for a lower altitude (below 175 cm). On the other hand, the accuracy of the barometric sensor was better for higher altitude (above 175 cm). This 175 cm height was used as a basis for the YoHe v1.2 PID to choose which sensor is acting as an input sensor for maintaining quadcopter altitude. The results of this experiment were programmed and compiled and its hex-code was embedded into the YoHe v1.2 PID board to make both sensors work together and complementary.
I. INTRODUCTION
Quadcopter is a multi-rotor helicopter that is lifted and propelled by four rotors. It is classified as a rotorcraft because the lift is generated by vertically oriented rotor's propellers. The quadcopter platform is built with the integration of mechanical and electronic systems. The structural frame, propulsion system, external sensors as well as the flight multirotor control board are included in the platform [3] . The mathematical model for quadcopters [4] is a useful tool for university researchers to test and evaluate new ideas in a number of different fields, including flight control theory, navigation, real-time systems, and robotics.
In the Manual-Mode, controlling the attitude and altitude of the quadcopter is carried out by a user with remote Radio Controlled (RC) Transmitter (TX) on its throttle, pitch, roll and yaw lever gimbal. The radio signal will be received by the RC Receiver (RX) for controlling quadcopter motion in six degrees of freedom movement [8] .
In the Auto-Mode, to self-maintain quadcopter in a certain level height of altitude, an 'Altitude Hold' mode is used. When this mode is selected, the throttle is automatically controlled by a control system to maintain the quadcopter at the current altitude.
This control system is realized by using a commercial KK v2.0 multi-rotor control board as the main controller, along with a custom-designed YoHe v1.2 PID board as an altitude stabilizer control board containing PID, Fuzzy PID and Type-2 Fuzzy algorithm and program [1, 2] . The control system will produce a new throttle signal value to self-maintaining quadcopter in a certain altitude according to the altitude error value (the difference between the set point altitude and its actual current altitude). The YoHe v1.2 PID is acted as an altitude stabilizer control board for self-maintaining quadcopter altitude. To sense the altitude, the YoHe v1.2 PID board uses two sensors, which are the ultrasonic sensor SRF-05 and the barometric sensor BMP085. Fig. 1 shows the Yohe v1.2 PID with its sensors. The sensors are expected to be able to work independently and complementary.
The specification of quadcopter used in this experiment is the frame X-Copter F450, X2212-980kv SunnySky motors, Electronic Speed Controller (ESC) Turnigy Plush 30 A, flight controller KK v2.0, propeller 1045, and LiPo battery Turnigy 3-cell 2200 mAh 25C.
The experiment about YoHe v1.2 PID and quadcopter specified above had been done previously [1, 2] and had obtained the best parameter values of the PID, Fuzzy PID, and Type-2 Fuzzy. These best parameters that produced the best oscillation level will be programmed and compiled, and its hex-code will be embedded into the YoHe v1.2 PID board. Experiments that obtained these best parameters were discussed in other papers [1, 2] .
The objective of this paper is first, to analyze the sensors and optimize them on the Altitude Hold mode and the second is to explain the quadcopter system configuration, especially for using the YoHe v1.2 PID board along with the KK v2.0 board. This paper will propose the YoHe v.1.2 PID board configuration, quadcopter system configuration, sensors test, and calibration as well as the experiment with the sensors in the dynamic analysis for quadcopter in the Altitude-Hold mode.
II. YOHE V1.2 PID SYSTEM CONFIGURATION
A. System Configuration.
The quadcopter system configuration for this experiment is shown in Fig. 2 . This system configuration uses the KK v2.0 board as the main controller. The KK v2.0 is a multi-rotor flight control board, which controls and stabilizes the quadcopter attitude and orientation by regulating the rotation speed of each rotor propeller. To do this, the KK 2.0 board takes the signal from the three on board gyros (roll, pitch, and yaw), and 3-axis onboard accelerometer and passes the signal to the Atmega324PA unit. The Atmega324PA unit then processes these signals according to the firmware and passes control signals to the installed Electronic Speed Controllers (ESCs). These signals instruct the ESCs to make fine adjustments to the motors rotational speed which in turn stabilizes the multi-rotor.
Unfortunately, the KK v2.0 is not equipped with serial or communication port, so it cannot directly connect to the external module, like the sensor module: the ultrasonic sensor as well as the barometric sensor, the GPS module, and other modules. For this reason, the YoHe v1.2 PID board is needed as an external board along with the KK v2.0 for connection and communication with external modules. In this experiment, the YoHE v.1.2 board connects the ultrasonic sensor, the barometric sensor, and the Bluetooth module for controlling and maintaining the quadcopter's altitude. Fig 3 shows the wiring system between the KK 2.0 board and the YoHe v1.2 board.
In the Manual-Mode, controlling quadcopter attitude is carried out by a user with the remote RC TX on its throttle, pitch, roll and yaw lever gimbal and additional switches. The radio frequency waves will propagate from the TX and then will be received by the RC RX. There are six channels on the RC RX for controlling the servos: throttle, aileron, elevator, rudder, gear, and auxiliary. Each channel produces Pulse Width Modulation (PWM) signal, which are then received by the KK v2.0 board and used to control the attitude of the quadcopter. To be able to process self-maintaining quadcopter at a consistent altitude in the Auto-Mode, the throttle signal from the RC RX must be processed and fed to the YoHe v1.2 PID board through the digital input pin 30, which is originally entered into the throttle pin of the KK v2.0 board. This throttle signal will be processed using the PID, Fuzzy PID or Type2-Fuzzy [1, 2] to produce a new throttle signal. This new throttle signal will then be fed into the throttle pin of the KK v2.0 board through the digital output pin 26. Wiring configuration among the YoHe v1.2 PID board, the KK v2.0 board, and the RC RX is shown in Fig. 3 . 
The YoHe v1.2 PID uses the ultrasonic sensor SRF -05 and the barometric sensor BMP085. According to the datasheet, the sensor BMP085 has 0.25 m accuracy and the sensor SRF05 has 3 mm accuracy. Wiring system for both sensors is shown in Fig. 1 . The barometric sensor BMP085 is connected to the YoHe v.1.2 PID using the I 2 C bus. The ultrasonic sensor SRF-05 is connected to the digital pin 32 of the YoHe v1.2 PID as trigger pin as well as echo pin. The ultrasonic sensor is the most common technique employed for avoidance and positioning system in indoor quadcopter system due to its readiness, availability, low-cost and ease of interface. However, the ultrasonic sensor had major problems as previously discussed [7] .
The communication module, as well as the sensor modules, is required to transfer data read from the sensors. The Bluetooth module is used as serial communication to connect the quadcopter system and the laptop or computer for acquiring altitude information. Since this experiment is performed in a short range area, the Bluetooth module, which is Bluetooth V.3 DFR Robot, can be used.
The Bluetooth module is mounted on the YoHe v1.2 PID board and its configuration is shown in Fig. 4 . 
B. YoHe v1.2 PID Board Configuration
The YoHE v1.2 PID board is a microcontroller ATMEGA based system that is programmed by the Arduino software platform. With consideration of large memory required for customized programs and additional libraries, ATMEGA2560 was chosen as a microcontroller that has 54 digital pins as inputs and outputs.
The board's size is designed to equal to the size of the KK v2.0 board, and because of space limitation, not all digital pins available on ATMEGA2560 appear on the YoHe v1.2 PID board. The digital pins which are provided on the YoHe v1.2 PID board are digital pin 22-26 and 30-37, RX1 -TX1 for serial 1 communication, and SDA -SCL pin. To facilitate of the wiring system, the composition of the pins on the YoHe v1.2 PID board is designed using the same standard pin arrangement as the pin arrangement in the KK v2.0 board and RC RX. All boards use the same standard servo connector. Connecting between the boards and RX can be done by Servo Jumper Cables. Fig. 5 shows the servo pin configuration and arrangement layout while Fig. 6 shows the physical of the YoHe v1.2 PID board.
III. SENSOR TEST AND CALIBRATION
Before performing the analysis and dynamic experiment (in flying hover), the initial sensor test and calibration of the barometric and ultrasonic sensors at various altitudes were required in a static state (measuring without flying hover). The ultrasonic sensor required a 10 ms delay for sensor processing time and was calibrated by comparing the range indicated by the sensor with its actual range from the floor.
The barometric sensor required calibration and elevation correction. The calibration was done by comparing the air pressure indicated by the sensor to another barometric reference. In this experiment, a smartphone with the built-in barometric sensor was used as the reference [5] . The elevation correction was required because the factory setting for air pressure reference was at sea level as the 0-meter height of altitude. If the sensor location is not at sea level, like in the floor heights of the multi-storey building, the sensor needs elevation correction.
This elevation correction was necessary because of the reference height level for the measurement was carried out in a laboratory, located on the third floor of the four-storey building. A method for calibrating the barometer and determining floor level position by the barometric pressure was described [5, 6] . Calibration results of the barometric and ultrasonic sensors can be seen in Fig. 7 . The blue-colored graph represents the altitude value that is read by the sensors, while the orange-colored graph is the result of a moving average of the value of the altitudes. The results of testing and calibrating for the barometric and ultrasonic sensors at 148 cm altitude height are shown in Fig. 7 . It can be seen that the altitude values measured by the barometric and ultrasonic sensors are in the range of the actual altitude of 148 cm. Coding program for sensors testing, calibration and elevation correction was developed with the Arduino 1.6.5.
IV. EXPERIMENTAL RESULTS AND DISCUSSION
After performing all of initial test and calibration, the experiment in the dynamic analysis was conducted. The dynamic analysis means the quadcopter is analyzed in real time when flying hover. All altitude information received by the laptop via the Bluetooth module were recorded and analyzed.
To perform this analysis, 600 samples of altitude data were taken from each flying in hover condition. These sample data were received from both sensors simultaneously for specific reference altitude. There were six references and the altitudes that were analyzed: altitude of 50 cm, 100 cm, 150 cm, 250 cm, and 300 cm. Figs. 8-13 show the results of dynamic measurement at various references altitudes. In these figures, the ultrasonic sensor, which is blue colored, has a good degree of accuracy at a low altitude. At the altitude of 200 cm and above, the ultrasonic sensor yielded significant errors. Contrary to the barometric sensor, the accuracy improved with increasing the altitude. Based on the raw data of each reference height of altitude, relative error can be computed. The relative error is a different altitude between the actual altitude when flying hover and the reference altitude. Formula for determining the relative errors are as follows. 
where RE is the relative error, hn is the height altitude at n th , href is the reference height altitude (50, 100, 150, 200, 250, 300 cm).
The relative errors for each reference height of altitude are shown in Table 1 . Comparison of these relative errors between the ultrasonic and barometric sensors is illustrated in Fig. 14 . Fig.14 shows that the relative error is very small for the ultrasonic sensor for low altitudes and greater at higher altitudes. It means that the ultrasonic sensor has better accuracy at low altitude. This applies inversely for the barometric sensor in which the barometric relative error is smaller at higher altitudes.
Moreover, it is shown in Fig. 14 that height of 175 cm is the intersection between the relative errors of the ultrasonic and barometric sensors. This altitude was used as the basis for the YoHe v1.2 PID to choose which sensor is used as an input for the board in measuring the current altitude. Fig. 15 gives an algorithm that can be done to optimize both sensors. This algorithm was developed with Arduino software and then embedded in YoHe v1.2 PID board.
CONCLUSIONS
After conducting experiments, it can be concluded that the ultrasonic sensor and barometric which has been installed on the YoHe v1.2 PID board could work in unison and work together along with the KK v2.0 board.
Based on the analysis of the relative error, it could be determined that an altitude of 175 cm becomes the limit where the YoHe v1.2 PID board might make the decision to switch the selection between its sensors, i.e., the ultrasonic sensor is used for an altitude below 175 cm and above the altitude limit the barometric sensor is used.
